, a = 7.680(2) Å, b = 14.873(3) Å, c = 14.011(3) Å, V = 1600.4 Å 3 , Z = 4, R gt(F) = 0.040, wRref(F 2 ) = 0.102, T = 293 K.
Source of material
Dropwise addition of 2.0 ml (1.0 M) Na 2CO3 to an aqueous solution of 0.075 g (0.442 mol) CuCl 2 · 2H2O in 5.0 ml H2O yielded pale blue deposit, which was separated by centrifugation and washed with doubly distilled water until no Cl -anions are detectable in the supernatant. Such freshly prepared precipitate was then added to a solution of 0.100 g (0.442 mmol) 2,9-dimethyl-1,10-phenanthroline in a mixed solvent consisting of 15.0 ml H 2O and 15.0 ml methanol. To the mixture 1.77 ml (1.0 M) formic acid was dropped and the precipitate was slowly dissolved under continuous stirring. The resulting blue solution (pH = 3.94) was allowed to stand at room temperature, and slow evaporation for one week afforded blue plate-like crystals.
Experimental details
All hydrogen atoms were located from Fourier difference maps. During refinement, those H atom parameter which did not converge were fixed on the initial values. The correct absolute structure was confirmed by a Flack parameter of x = 0.02(2).
Discussion
The title structure consists of the [Cu(C 14H12N2)(H2O)(HCOO)2] complex molecules, in which the Cu atoms are each square pyramidally coordinated by two nitrogen atoms of one 2,9-dimethyl-1,10-phenanthroline ligand and three oxygen atoms of aqua ligand and two formate anions with the apex occupied by one pyridyl N atoms (figure, top). The aromatic N-donor ligand exhibits an interesting coordination fashion to chelate central cupric ions with the nitrogen atoms situated at the apical and basal sites, respectively. This differs from that observed in a previously reported aqua-carbonato-(2,9-dimethyl-1,10-phenanthroline-N, N¢)-copper(II) dihydrate, [Cu(C14H12N2)(H2O)(CO3)] · 2H2O, where the two nitrogen atoms of the chelating aromatic ligand reside at the basal positions around the square pyramidally coordinated Cu atoms [1] . The apical and basal Cu-N bond distances are 2.250(4) Å and 2.041(4) Å, respectively, the latter being slightly shorter than the corresponding one in the carbonato compound [1] , and both Cu-O bond distances to the formate anions averaged at 1.956 Å are slightly shorter than that to the aqua ligand (1.978(3) Å) suggesting that the anionic ligand possess better coordinating capability. The cis bond angles at the central Cu atom from the apical N1 atom fall in the region 78.4°-107.0°, indicating a significant deviation from the value for a perfect square pyramidal geometry. The Cu atom is found to be shifted by 0.128 Å from the basal plane toward the apical nitrogen atom. Two crystallographically different formate anions coordinate the Cu atoms in syn and anti fashions, respectively. As expected, the C-O bond lengths to the coordinating oxygen atoms in the carboxylate anions are considerably longer than those to the others, the difference of 0.051 Å being larger than the corresponding one (0.030 Å) found in the diformato-bis(1,10-phenanthroline-N, N¢)manganese(II) pentahydrate reported by us [2] . Interestingly, replacement of the chelating carbonato ligand in the [Cu(C14H12N2)(H2O)(CO3)] complex molecule by two monodentate formato ligands results in a different square pyramidal CuN 2O5 coordination sphere in the present complex molecule.
Within the crystal structure, the aqua and formato ligands of each [Cu(C14H12N2)(H2O)(HCOO)2] complex molecule function as H-bond donors and acceptors, respectively, to two neighbors and from two neighbors, resulting in hydrogen bonded double chains with the aromatic ligands outside (figure, bottom). The formed double chains extend infinitely along [100]. The substituted phenanthroline ligands of one double chain protrude into the grooves between adjacent aromatic planes of the neighboring double chain, yielding layers parallel to (001). It is found that the assembly of the double chains is due to interchain p-p stacking interactions [3] between substituted phenanthroline ligands (mean interplanar distances: 3.44 Å, 3.85 Å). The layers are further stacked along [001] to meet requirement of close packing and weak interlayer C-H···O hydrogen bonding interactions between aromatic CH and aqua oxygen atom make a contribution to stabilization of the crystal structure. 
